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1936: Anderson and Neddermeyer discover the muon

Rabbi’s famous statement “Who ordered that?”
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1936: Anderson and Neddermeyer discover the muon

Rabbi’s famous statement “Who ordered that?”

There are still unanswered mysteries surroundingthe muon:

* Whyare there 3 generations of matter?

* Muon G-2 deviationfromtheory> 3o

e Quarks mix and Neutrinos mix. Shouldn’twe expect charged Leptonsto mix?
Charge Lepton Flavor Violation (CLFV)
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With neutrino mass, we know that
lepton flavor is not conserved.
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With neutrino mass, we know that
lepton flavor is not conserved.

The SM CLFV process would be :

3 Am?2,
B(,u—>efy)=32% » ULU, DL} g4

*unmeasurably small
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With neutrino mass, we know that
lepton flavor is not conserved.

The SM CLFV process would be :

3 Am?2,
B(u—>efy):32i;r » ULU, DL} g4

*unmeasurably small

Any observation of CLFV must be new physics!
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4 orders of magnitude
increased precision is
incredible.

Fully operational Mu2e
would be able to beat the
current world best
measurement with about
1 hour of data.
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Supersymmetry Compositeness Leptoquark

M ~=
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Estimates from Flavour Physics of Leptons and Dipole Moments, Eur.Phys.).C57:13-182,2008

Mass Scale up to about 10,000 TeV
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e Generate a beam of low momentum muons
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e Generate a beam of low momentum muons

e Stop the muons in an Aluminum target
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e Stop the muons in an Aluminum target

* The stopped muons are trapped in orbit around the
nucleus
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e Generate a beam of low momentum muons

e Stop the muons in an Aluminum target

* The stopped muons are trapped in orbit around the
nucleus

* Look for events consistent with uN—>eN
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e Generate a beam of low momentum muons

e Stop the muons in an Aluminum target

* The stopped muons are trapped in orbit around the
nucleus
* Look for events consistent with uN—>eN
* We measure : , _ p+N(AZ) e + N(A Z)
He ™ w=+ N(A,Z) - v, + N(A, Z — 1)

Numerator:

Muon to electron conversion in the presence of a nucleolus
Denominator:

Nuclear captures of muonic Al atoms
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e When captured by a nucleus, a muon will have an enhanced probability of exchanging a
virtual particle with the nucleus.
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Ee

my,c? — (B.E.);q — Erecoil
104.96 MeV e

When captured by a nucleus, a muon will have an enhanced probability of exchanging a
virtual particle with the nucleus.

This reaction recoils against the entire nucleus, producing a mono-energetic electron
carrying most of the muon rest energy.
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Nuclear Capture
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Free muon decay

DIO shape
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Free muon decay

DIO shape
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e Tail of DIO falls as (Eg,gpoint— Ee)?
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e Tail of DIO falls as (Eg,gpoint— Ee)?
* Separation of ~few 100 keV forR = 1016
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* Stop 1018 Muons in Aluminum stopping target
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e Stop 10 Muonsin Aluminum stopping target
* Momentum resolution o < 180 keV/c
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e Stop 10 Muonsin Aluminum stopping target
* Momentum resolution o < 180 keV/c

* Reduce expected background to less than %
an event over full run period.
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e Stop 10 Muonsin Aluminum stopping target
* Momentum resolution o < 180 keV/c

* Reduce expected background to less than %
an event over full run period.

Tall tasks, but the accelerator and Mu2e have
been designed to accomplish this.
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3 main components: Production Solenoid (PS), Transport Solenoid (TS), and Detector Solenoid (DS)
Experimental setup contained within vacuum space
Gradient magnetic field (4.6 T > 1 T) moves charged particles downstream
Step 1:
8 GeV proton beam hits tungsten target and produces Pions in PS
Pions decaying into muons are pushed downstream towards TS
Step 2:
TS selects particles based on charge and momentum
TS collimators eliminate backgrounds
Step 3:
Muons are captured in Aluminum target foils

Conversion electron trajectories measured and validated in tracker and calorimeter
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1000
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Almost all protons, unstopped muons, stopped and
unstopped pions will be through the detector

before observation window.
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Beam’s-eye view of Tracker
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Don’t you have to worry about cosmic rays?

e The CRV coversall
of DS and halfof TS




Don’t you have to worry about cosmic rays?

e The CRV coversall
of DS and halfof TS

 Without CRY,
expect ~1 cosmic-
ray-induced
background event

per day (99.99%
net efficiency)




Don’t you have to worry about cosmic rays?

e The CRV covers all of DS
and half of TS
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day (99.99% net
efficiency)
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Construction is under way and our last major
review is happening right now in the HR.
We expect to be taklng data in 2021.
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* Mu2e can lead us to better understand why there are
three generations of matter.

* Thereis a lot of excitement about theoretical model
discrimination afforded with a 4 orders of magnitude
iImprovementon muon conversion sensitivity.

* The Mu2e project has a design which will allow for a
single event sensitivity of 2.5x10,

MuZ2e will be taking data in 2021.

Gee you sure ask a lot of questions,
lets give some else a turn.
Questions?
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THE MUZ2E COLLABORATION

m

.....
20 et

: : g ’ t- i
= t N -
F ¢ 3 !
"4 R l ‘
< ) ! 5! .. ‘ '
\itiZe Lollabof {-gl.,‘@,%t‘z
R . o -

~200 scientists from 35 institutions

Argonne National Laboratory, Boston University, Brookhaven National Laboratory
University of California, Berkeley, University of California, Irvine, California Institute of Technology, City
University of New York, Joint Institute for Nuclear Research, Dubna, Duke University, Fermi National
Accelerator Laboratory, Laboratori Nazionali di Frascati, Helmholtz-Zentrum Dresden-Rossendorf, University
of Houston, University of lllinois, INFN Genova, Kansas State University, Lawrence Berkeley National
Laboratory, INFN Lecce and Universita del Salento, Lewis University, University of Louisville, Laboratori
Nazionali di Frascati and Universita Marconi Roma, University of Minnesota, Muons Inc., Northern lllinois
University, Northwestern University, Novosibirsk State University/Budker Institute of Nuclear Physics,
Institute for Nuclear Research, Moscow, INFN Pisa, Purdue University, Rice University, University of South
Alabama, Sun Yat Sen University, University of Virginia, University of Washington, Yale University




uN — eN

€ Muon conversion in the field of a nucleus

MEG:B(u - ey) < 5.7x10713
PRL 110, 201801 (2013) I

SINDRUM-II:

Ryue(uN — eNon Au) <7 x 10713
EP) C 47, 337 (2006)

SINDRUM-I: B(u — 3e) < 1x10~12
Nucl. Phys., B 299, 1 (1988)
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Category Source Events
p Decay in Orbit 0.21=0.09

M-Intrinsic Radiative p Capture <0.01

Total Background 0.37 £0.10

*Assuming 6x1017 stopped muons in 6x107 sec of beam time

Less than 1 background event allows us to reach desired single event sensitivity
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In the 2008 P5 report Mu2e was strongly supported:

* “Mu2e should be pursuedinall budget scenarios considered
by the panel”

In 2010 P5 reiterated their support of the 2008 plan
and the priorities specified therein.

In 2013 the Facilities Panel gave Mu2e the highest
endorsement;:
e “The science of Mu?2e is Critical to the DOE OHEP mission and

is Ready to Construct.”
In the 2014 P5 report Mu2e is strongly supported:

e Recommendation 14, “Complete the Muon (g-2) and Mu2e
Projects.”
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